Seasonal Variability of Trans-Pacific Transport of Carbon Monoxide (CO) in the Upper
Troposphere: MLS Observations and Model Simulations
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1 Introduction

Trans-Pacific transport of air pollution has drawn much attention in this decade (e.g., Jacob et al., 2003; Heald et al., In this study, we use the carbon monoxide (CO) measured by the Microwave Limb Sounder (MLS) on Aura
2003; Liang et al., 2004, 2007, Wang et al., 2006; Turquety et al., 2008). Economic growth in the East Asia and South  satellite(Waters et al., 2006) at 215 hPa to characterize the seasonal variability of the trans-Pacific transport of air
Asia is expected to increase the transport. However, most of the studies to date have focused on spring season. Liang et  pollution in the upper troposphere. CO is a well established tracer of atmospheric transport and a key air pollutant. Its
al. (2004) show that there is a seasonal Varjabﬂj’[y in the transport of air po]lutants_ Recenﬂy, Jiang et al. (2007) reaction with hYdFOXYI radicals (OH), which controls the atmospheric oxidation capability, is the main sink of that radical.
demonstrate that trans-Pacific transport of air pollution is evident in the upper troposphere because of the convective ~CO abundance also affects tropospheric ozone production. MLS observations are compared with simulations from two
outflow over the South Asia and Fast Asia (Li et al., 2005, Park et al., 2009) during Asian summer monsoon season. state-of-art tropospheric air quality models GEOS-Chem (Bey et al., 2001) and GEM-AQ (Kaminski et al., 2008).
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Figure 1 Seasonal means of CO measured by MLS
and simulated by GEOS-Chem (v8-03-01) and GEM-
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4 Time-latitude cross-sections over the West Pacific (150° E) and the East Pacific (210° E) in years 2005 and 2006
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Figure 6 Time-latitude cross-sections of MLS CO measurements and GEOS-Chem simulation over the West Pacific and the East Pacific in year 2005. Figure 7 The same as Figure 6, but for year 2006.

Grey contours in the top panels are for MLS IWC (mg/m?). White and black vectors in the top panels show the NCEP westerly and easterly winds,

respectively. Black and white curves are the locations of tropopause at 215 hPa in NCEP and GEOS-Chem, respectively.  MLS observations show strong Asian outflow and trans-Pacific transport in late spring and summer in year 2006 as in year 2005, as

* MLS observations show large CO abundances are transported along the northern westerly jet south of the location of the tropopause in Apr-Aug, and well as the large CO abundance in subtropics in Oct-Nov 2006 after the big Indonesia fire (Nassar et al. 2009).

show little transport in the lower stratosphere. As a result, large meridional CO gradients are seen at the northern tropopause during the period.  GEOS-Chem simulations are significantly smaller than MLS measurements in late spring and summer. However, it reproduces the

 GEOS-Chem reproduces the transport of large CO abundances along the northern westerly jet in summer, but shows larger CO in the northern lower transport of equatorial fire emission in subtropics in fall season.

stratosphere in spring.

S Sum mary References
1 ; 1 1 1 1 1 1 Bey, I., et al. (2001), Global modeli ft heric chemistry with assimilated met logy: Model d ipti d luation, J. Geophys. Res., 106, 23,073-23,096.
* MLS observations show strongest Asian upper tropospheric outflow of air pollution during summer, but more air with large  Bo b B e o ventony ity resolution: Applicaton 1o arcraf osenaons of ASan outon. 3 Geophys. Res.. 109(051), 8811, doi-10.1026/200210003082
1 1 1 : : 0) 1 1 1 1 Jacob, D. J., et al. (2003), Transport and Chemical Evolution over the Pacific (TRACE-P) aircraft mission: Design, execution, and first results, J. Geophys. Res., 108(D20), 9000, doi: 10.1029/2002JD003276.
C‘O abundance 15 tranSpOrtEd to North Amerlca 11 Sprlng than 11 the Other S€ASOIS. FOF over 10 A) Of the days 11 Sprlng’ dlr Wlth Jiang, J. H., et al. (2007), Connecting surface emissions, convective uplifting, and long-range transport of carbon monoxide in the upper troposphere: New observations from the Aura Microwave Limb Sounder, Geophys. Res. Lett.,
1 34,1.18812, doi:10.1029/2007GL030638.
CO over 90 ppr reaChes o NOrth Amerlca' Kaminski, J. W., et al. (2008), A.: GEM-AQ, an on-line global multiscale chemical weather modelling system: model description and evaluation of gas phase chemistry processes, Atmos. Chem. Phys., 8, 3255-3281.
- - 1 1 1 - Li, Q., et al. (2005), C ti tfl f South Asi llution: A global CTM simulati d with EOS MLS ob tions, Geophys. Res. Lett., 32, L14826, doi:.1029/2005GL022762.
° GEOS Chem and GEM AQ Can rep rOduce the lOng range transp ort Of alr p OHU_UOI] 1n the U.p p er trOpOSp here' HOWEV@T, GEOS L:ang,g.?et al. (20043),nl\_/§r?g\-/r21r?gje tor\avn(;por)tuof AsSi:lnnppoolluL{i:)Onnto trglleongrtheastsgggi?ilcl:oge:;srgﬁgﬁlarlivations and tranospSc?r;VSalt?]r\:\?ayse;pcayrsbonensron?)xide, J. Geophys(.)lRes., 109, D23S07, doi:10.1029/2003JD004402.
1 111 1 - 111 1 - Liang, Q., et al. (2007), Summertime influence of Asian pollution in the free troposphere over North America, J. Geophys. Res., 112, D12S11, doi:10.1029/2006JD007919.
Chem ShOWS Slgnlflcantly Weaker ASlan OUthOW and trans PaCIfIC transport 11 SUINMEL, Whereas GEM AQ ShOWS Stronger Nassar, R., et al. (2009), Analysis of tropical tropospheric ozone, carbon monoxide, and water vapor during the 2006 El Nifio using TES observations and the GEOS-Chem model, J. Geophys. Res., 114, D17304,
1 1 - 17t1 1 doi:10.1029/2009JD011760.
transport In winter and fau than MLS GEOS Chem generally ShOWS Smaller Standard d@VlathnS Of CO abundance 1n the Park, M., et al. (2009), Transport pathways of carbon monoxide in the Asian summer monsoon diagnosed from Model of Ozone and Related Tracers (MOZART), J. Geophys. Res., 114, D08303, do0i:10.1029/2008JD010621.
113 1 1 1 - 1711 Turquety, S., et al. (2008), CO emission and export from Asia: an analysis combining complementary satellite measurements (MOPITT, SCIAMACHY and ACE-FTS) with global modeling, Atmos. Chem. Phys., 8, 5187- 5204.
transport plume Over the NOrth PaleIC Wlthln eaCh S€dson Whﬂe GEM AQ generally ShOWS larger Standard d@VlathHS than MLS Wang, Y., et al. (2006), Late-spring increase of trans-Pacific pollution transport in the upper troposphere, Geophys. Res. Lett., 33, L01811, doi:10.1029/2005GL024975.
° The month]y mean Series do not ShOW an evident Changing trend Of CO abundance in the upper troposphe]:*E. Comparisons on Waters, J. W., et al. (2006), The Earth Observing System Microwave Limb Sounder (EOS MLS) on the Aura satellite,” IEEE Trans.Geosci. Remote Sensing 44, no. 5, 1075-1092.
: . Acknowledgements

reglOnal monthly mean CO ShOW GEOS_Chem prOdUCES large C‘O abundances over SOUth_EaSt ASla 11 Jan_Mar 2005 and GEM_ We thank GEOS-Chem team for assistance in_rt_mnin_g the model at the Jet Propulsion Laboratory, California Institute of Technology. Work at the Jet Propulsion Laboratory, California Institute of Technology was done under contract
AQ produce large CO over Asia and the North Pacific in Oct 2006. with the National Aeronautics and Space Administration.
« GEOS-Chem shows larger CO transport in the lower stratosphere in spring 2005 while MLS shows little transport of CO in the 2 Dapariant of Earth and’ Soace Seionee and Enginasing N ork Univereis. Toranta, Ontario, Canada

lower stratosphere. Both MLS and GEOS-Chem demonstrate the outflow of equatorial biomass burning emissions in subtropics
in fall 2006.



	Slide 1

